Higher neutrophil counts and neutrophil-tolymphocyte ratio predict prognostic outcomes in patients after non-atrial fibrillation-caused ischemic stroke The results of the study demonstrated that higher neutrophil counts and neutrophil-to lymphocyte ratio were independently predictive of unfavorable prognostic outcome in patients with non-atrial fibrillation-caused ischemic stroke.
Stroke is one of the most common global causes of mortality and disability [1, 2] . Currently, acute ischemic stroke (IS) treatment is limited thrombolytic therapy utilizing tissue plasminogen activator (tPA) [3] . However, a rather large number of contraindications restrict its scope in clinical practice [3e6] . Furthermore, tPA appears to have a relatively high incidence of intracranial bleeding complications [3e7] . Thus, currently, only a limited number of acute IS patients are candidates for tPA therapy. Therefore, conventional therapy (i.e., supportive care and rehabilitation) remains the mainstay treatment for the majority of patients after acute IS. Therefore, the discovery of a simple and accurate factor for risk-factor stratification and for daily clinical application for prediction of prognostic outcome after acute IS is of utmost importance to the multidisciplinary team who take care of IS patients.
The most commonly assessed markers of prognostic outcome after acute IS are age [8, 9] , infarct volume [9] , and baseline National Institutes of Health Stroke Scale (NIHSS) score [2, 3, 7, 9] . Interestingly, for purposes of more complete and accurate assessment of the prognostic outcome after acute IS, investigators have continuously identified new potential risk associated biomarkers such as leukocyte count [10] , proteins and microRNA [11, 12] , pro-inflammatory cytokines [13, 14] , and inflammatory biomarkers [15] , as well as platelet reactivity [16] . Although most of these biomarkers were shown to offer additional accessory prognostic information, limitations of these blood biomarkers included expense, amount of time needed to complete the examination, and effectiveness in the laboratory that does not translate well to clinical application.
It is well recognized that atherosclerosis is an inflammatory process, and inflammatory biomarkers have been identified as useful predictors of clinical outcome. The neutrophilelymphocyte ratio (NLR) has previously been established as a systemic inflammatory biomarker [17, 18] . Interestingly, abundant data have shown that NLR is a useful biomarker predictive of untoward clinical outcome in the setting of acute myocardial infarction (AMI) [19e21] . On the other hand, ischemic heart disease (IHD) and cerebrovascular disease (CVD) comprise the majority of the same causal etiologies. Thus, IHD and CVD are two sides of the same coin. Surprisingly, while NLR has been displayed to be associated with increased risk of mortality in AMI patients undergoing primary percutaneous coronary intervention (PCI) [19e21] , the prognostic value of NLR in IS patients has seldom been reported [22, 23] , suggesting a need for further studies to address this issue. This study, therefore, tested the hypothesis that NLR might be a simple, inexpensive and readily available marker of prognosis in acute IS.
Methods

Patient population and data collection
According to the IS treatment program (i.e., Program for Acute Ischemic Stroke Registry) at Kaohsiung Chang Gang Memorial Hospital, since January 2010 patients of any age with acute IS must be completely registered. Thus all acute IS patients were prospectively identified, both detailed in-hospital and followup data including age, sex, coronary artery disease risk factors, NIHSS score on admission, time onset of IS, laboratory findings (i.e., complete blood count, differential count, biochemistry), computerized tomography, magnetic resonance imaging (MRI), duplex scanning of the carotid arteries, routine cardiac analysis by of 12-lead electrocardiogram and echocardiography, chest X-ray, carotid Doppler examination, drug history and family history, and any in-hospital adverse event as well as in-hospital mortality were obtained. These data were prospectively collected and entered into digital database.
This study was based on the Declaration of Helsinki (revised 2013). Written informed consent was obtained from all study participants. And this study was approved by the Institutional Review Committee on Human Research at Kaohsiung Chang Gung Memorial Hospital (IRB number: 102-1583A3). 
Definition of IS, physical examination and neurological assessment
Stroke was defined as sudden onset of loss of global or focal cerebral function persisting for more than 24 h. Evaluation of physical function and neurological impairment of stroke patients was based on the National Institutes of Health Stroke Scale (NIHSS).
We stratified patients according to stroke severity using admission NIHSS scores into three groups: (1) Mild stroke (NIHSS < 6), (2) Moderate stroke (NIHSS ! 6 and <16, and (3) Severe stroke (NIHSS ! 16). This classification was based on the previously report [24] with some modification.
Patient enrollment, inclusion and exclusion criteria
For the purpose of this study, inclusion criteria were a score of !2 on the NIHSS and a time window of 48 h from onset of symptoms to blood sampling (at 48 h after IS). Patients with a history of the following were excluded from the study: intracranial hemorrhage, surgery or trauma within the preceding 3 months, hematology disorders, renal insufficiency [i.e., estimated glomerular filtration rate (eGFR) < 20 (mL/min/ 1.73 m 2 )], malignancy, febrile disorders, acute or chronic inflammatory disease at study entry, liver cirrhosis, atrial fibrillation, contraindications for MRI examination, no evidence of acute IS by MRI study, myeloproliferative disorder, or autoimmune disease.
Accordingly, between April 2012 and August 2014, a total number of 1731 consecutive patients were enrolled for the study after IS. Of these patients, 1055 were categorized into mild stroke (Group 1), 519 were categorized into moderate stroke (Group 2), and the remainder of 157 were categorized into severe stroke (Group 3) in this study.
Medications
Aspirin was the first choice for acute stroke patients unless they were allergic or intolerant to aspirin, such as having a history of peptic ulcer or upper gastro-intestinal tract bleeding during aspirin therapy. Clopidogrel was used in patients intolerant to aspirin therapy. Other commonly used drugs included statins, angiotensin converting enzyme inhibitors, calcium channel blocker agents and beta-blocker agents.
Statistical analysis
Categorical data among the three groups were compared using chi-square test and those of continuous variables among three groups were compared using one-way ANOVA followed by Tukey's multiple comparison procedure. The relationship between NIHSS score and prognostic variables was analyzed by linear regression. Multivariate logistic regression analysis with stepwise selection was utilized for identifying the independent predictors of prognostic outcomes. Statistical analysis was performed using SAS statistical software for Windows version 8.2 (SAS institute, Cary, NC). A value of P < 0.05 was considered statistically significant and all statistical tests were two-sided.
Results
Baseline characteristics among three groups [ Table 1 ]
There were no significant differences in terms of diabetes mellitus, hypertension, systolic blood pressure, history of myocardial infarction, incidence of peripheral arterial occluded disease, and incidence of obstructive coronary artery disease undergoing percutaneous coronary artery intervention. Additionally, the incidences of congestive heart failure and utilizations of angiotensin converting enzyme inhibitor and angiotensin II type receptor blocker were similar among the three groups. Furthermore, carotid Doppler study showed the peak blood flow velocity of the left internal carotid artery (LICA), peak blood flow velocity of the right internal carotid artery (RICA), ratio velocity of LICA/left common carotid artery (LCCA), and ratio velocity of RICA/right common carotid artery (RCCA) did not differ among three groups.
However, age and incidence of old stroke were significantly higher in group 3 than in groups 1 and 2, and significantly higher in group 2 than in group 1, whereas male gender and history of smoking showed an opposite pattern of age among the three groups. Additionally, the incidence of statin use was significantly lower in group 3 than in groups 1 and 2, but it showed no difference between groups 1 and 2. Furthermore, the peak blood flow velocity of LCCA and the peak blood flow velocity of RCCA were significantly higher in group 1 than in groups 2 and 3, but they showed no difference between the latter two groups.
Laboratory findings and in-hospital death among 1731 study subjects [ Table 2] hospital mortality. Additionally, old stroke, congestive heart failure, neutrophil count, and NLR were also significantly predictive of in-hospital mortality.
The multiple stepwise logistic regression analysis demonstrated that age was the most strongly independent predictor of in-hospital mortality. Additionally, NLR and congestive heart failure were correlated with in-hospital mortality, significantly and independently.
Receiver operating characteristics (ROC) curve analysis [ Fig. 1 ] revealed that the best discriminating factor for in- Table 2 Laboratory findings and in-hospital mortality of 1731 study patients.
Variables
Group 1 (n ¼ 1055) Univariate linear regression and multiple stepwise linear regression analyses of relevant baseline variables for predicting higher NIHSS in study patients [ Tables 5 and 6 ]
Variables in Tables 1 and 2 were enrolled for univariate linear regression analysis for finding the significant predictors correlated with higher NIHSS. As shown in Table 5 , old stroke, neutrophil count and NLR were the most powerful predictors of higher NIHSS. Additionally, age was also significantly predictive of higher NIHSS. On the other hand, male gender, smoking (i.e., smoking was notably increased in younger than in elder patients) and peak blood flow velocity of LCCA were the most powerful predictors of freedom from higher NIHSS. Besides, diastolic blood pressure, peak blood flow velocity of RCCA, total cholesterol level (an indicator of nutrient status), lymphocyte count, ratio of platelet-to-neutrophil and hemoglobin level were significantly associated with freedom from higher NIHSS. The multiple stepwise linear regression analysis showed that age and old stroke were the most strongly and independently predictive of higher NIHSS. Additionally, neutrophil count and NLR were significantly and independently predictive of higher NIHSS. In contrast, male gender and total cholesterol level were significantly and independently predictive of freedom from higher NIHSS.
Univariate analysis and multiple stepwise logistic regression analysis of predictors for severe NIHSS (i.e., !16) [ Tables 7 and 8 and Fig. 2 
]
Variables in Tables 1 and 2 were enrolled for univariate analysis for identifying the significant predictors that were associated with severe NIHSS. As displayed in Table 7 , age and neutrophil count were the most powerful predictors of severe NIHSS. Additionally, old stroke and the NLR were also significantly associated with severe NIHSS. On the other hand, male gender, total cholesterol level, lymphocyte count and hemoglobin level were the most powerful predictors of freedom from severe NIHSS. In addition, smoking, diastolic blood pressure, low-density lipoprotein and the ratio of platelets-toneutrophils were also significantly predictive of freedom from severe NIHSS.
The multiple stepwise logistic regression analysis showed that age and new neutrophil count were most strongly and independently predictive of severe NIHSS. Additionally, old stroke was also found to be significantly and independently predictive of severe NIHSS. On the other hand, male gender and total cholesterol level were significantly and independently predictive of freedom from severe NIHSS.
The ROC curve analysis [ Fig. 2 ] revealed that the best discriminating factor for severe stroke (defined as !16 NIHSS) with respect to NC was !74% (sensitivity 47.1%, specificity 74.0%, likelihood ratio 29.0). Additionally, those patients with NC >74% had a 2.54-fold increased risk for severe stroke (95% confidence interval; OR ¼ 1.82e3.54) compared to patients with NC <74%.
Discussion
This study investigated the impact of NC and NLR on predicting unfavorable outcome in in-hospital patients after IS had several clinical implications. First, the NLR was established to be strongly and significantly predictive of in-hospital mortality, suggesting that NLR should be seriously considered as an accessory biomarker for risk stratification in the setting of acute IS. Second, the NC and NLR were identified to be strongly associated with higher NIHSS, implying that both these two parameters may be useful as supplementary biomarkers for dividing IS patients into high-risk and low-risk subgroups for optimal and individualized care. Third, NC was displayed to be the strongest predictor of severe NIHSS, highlighting that NC should be considered as a useful auxiliary biomarker for more intensive care and pharmacomodulation as well as the application of beneficially invasive intervention for improving neurological function and clinical outcome. Abundant data have shown that NC and NLR are stronger inflammatory mediators than white blood cells (WBC) in various diseases [17,18,25e27] . Of interest, NC and NLR are not only inflammatory mediators but have also emerged as important biomarkers for predicting adverse clinical outcomes in various clinical settings, such as in solid tumors [27] , atrial fibrillation [28] , non-ST segment elevation myocardial infarction (non-STEMI) [29] and STEMI [19e21] undergoing primary PCI. Surprisingly, on the other hand, there are only a few studies [22, 23] that have investigated the impact of NC/ NLR on prognostic outcome in acute IS patients. The chief concern of these studies is their sample size [22, 23] , which was quite small and might not determine the true impact of these biomarkers on predicting the short-term and long-term prognostic outcome in patients after IS.
To the best of our knowledge, our present study is the largest cohort study to investigate the impact of NC and NLR on prediction of worse clinical outcome in patients after acute IS. The most important finding in the present study was that the NLR was significantly and independently predictive of inhospital mortality in patients after IS. Our finding, in addition to supporting two recent articles [22, 23] that reported that NLR was significantly correlated with unfavorable clinical outcome in patients after IS, highlights that NLR is a simple inexpensive and readily available marker of prognosis in acute IS [22] .
Another important finding was that this study demonstrated a strong correlation between higher NIHSS and NC and NLR. Interestingly, strong correlation between NLR and unfavorable neurological status and symptomatic intracerebral hemorrhage after thrombolytic therapy in acute IS patients has been established by a recent study [30] . In this way, our finding corroborated with the findings of the recent study [30] , and suggests that identification of two mediators could provide accurate stratification of IS patients into high-risk and low-risk subgroups with new targets for neuroprotection [30] .
Interestingly, the link between an increase in inflammation and poorer prognostic outcome in patients after acute IS has been extensively investigated previously [13e15] . Additionally, neutrophils and lymphocytes, i.e., the major components of white blood cell leukocyte count, and NLR have been well recognized as indicators of inflammation [26, 27, 31] for predicting prognostic outcome in various diseases. The principal finding in the present study is that NC in circulation is a powerful predictor of severe stroke. Accordingly, our finding in addition to strengthening the findings of recent study [26, 27, 31] , encourage the use of NC as a useful auxiliary biomarker for predicting neurological function and clinical outcome in patients after IS.
Old age, old stroke and congestive heart failure have been fully investigated as three powerful traditional risk factors for predicting prognostic outcome in the setting of IHD [32e34] and CVD [8, 9, 16, 35] . The present study identified that age was one of most powerful predictors of in-hospital mortality, higher NIHSS and severe stroke. Additionally, history of old stroke was significantly and independently correlated to higher NIHSS and severe stroke. Besides, congestive heart failure was found to be strongly associated with in-hospital mortality. In this way, our findings corroborated with the findings of previous studies [8, 9, 16, 35] .
An intriguing finding in the present study was that male gender was significantly correlated with free from higher NIHSS and severe stroke. These findings may implicate that the female gender may be a factor contributing to poor prognostic outcome after acute IS. Comparably, previous study has shown that female gender is a strong predictor of poor prognostic outcome after AMI [33] . Our finding was supported by the findings of previous study [33] . Another intriguing finding in the present study was that high level of total cholesterol was found to be significantly and independently predictive of freedom from higher NIHSS and severe stroke. We remain uncertain why such an unusual result emerged in the present study. Perhaps, it could reflect old age accompanied malnutrition, which has been identified as a risk factor for poorer prognostic outcome in the present study.
This study has limitations. First, although the predictive value of NC and NLR on short-term prognostic outcome in patients after acute IS is attractive and promising, the predictive value of these biomarkers on long-term prognostic outcome after IS was not investigated by the present study. Second, this study did not measure the patients' brain infarct volume. Therefore, we did not provide the correlation between the brain infarct volume and circulating levels of NC and NLR. Third, this study did not measure the correlation between subtype of IS and the level of NLR.
In conclusion, the results of our study demonstrated that NC and NLR are credible biomarkers with the advantage of being inexpensive and readily available for predicting prognostic outcome in patients after acute IS.
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